onset of gastrulation, the AP axis is shifted toward the long axis in the majority of embryos. Our observations suggest that this shift does not occur to the same extent in all prestreak embryos. As a result, the primitive streak can form in positions unrelated to the geometrical axes of the embryo. We also found that primitive streak formation is associated with a local deformation of the epiblast, resulting in a great variety of embryonic shapes at the initiation of gastrulation. Lineage tracing studies indicate that the change in the orientation of the AP axis with respect to the embryo morphology is due to a change in embryo shape in which cell migrations take no part.
Results

The AP Axis of the Mouse Embryo Is Not Aligned with Its Long Axis at the Prestreak Stage
To establish the relationship between the morphology of the embryo at the prestreak stage and the orientation of the AP axis, whole-mount in situ hybridization was performed on embryos between E6.2-E6.5 using four posterior epiblast markers; the transcription factors Brachyury (T [6, 14] ), Goosecoid (Gsc [15, 16] ) and Evx1 [17] , and the secreted protein Fgf8 [18] ; and one AVE marker, the homeoprotein Hex [6, 7] . Histological transverse sections of the stained embryos were analyzed to record the exact position of the expression domains in relation to the morphology of the embryos.
Close inspection of the histological sections confirmed that all the embryos analyzed were at the seemed to challenge the assumption that the orientation of the AP axis in prestreak embryos was similar to that of gastrulating embryos, where it is aligned with the long axis. We investigated the molecular patterning of the embryo in relation to its morphology before and around the In order to verify that these observations were not an artifact due to the dissection of the embryos out of the time of initiation of gastrulation. It is known that the mouse embryo acquires the shape of a flattened cylinder deciduas or their subsequent handling during hybridization procedures, patterns of ␤-galactosidase activity before the formation of the primitive streak [12, 13]. Indeed, transverse sections of prestreak embryos look were analyzed on transverse sections of heterozygous Nodal-lacZ embryos kept in utero. The Nodal-LacZ allele similar to transverse sections of midstreak embryos except that neither primitive streak nor mesoderm cells is expressed in posterior epiblast cells [19, 20] . In agreement with our previous observations, its domain of exhave appeared yet. As most of the available information on the events that pattern the pregastrula mouse empression was not always found at the end of the long axis of the prestreak stage embryos analyzed ( Figure 2L , bryo concerns the behavior and role of AVE cells, we have focused our study on the cellular events taking n ϭ 9). Similar variations in the position of the expression domains of Fgf8 and Hex with respect to the morphology place in the posterior epiblast.
Here, we report that the orientation of the AP axis of of prestreak embryos were also obtained in a different mouse line (C57Bl6*CBA F1, n ϭ 8, data not shown). young prestreak embryos is not aligned with the long axis as it is found later during gastrulation but, rather, To assess the relative positions of the anterior and the posterior poles in the same embryo, in situ hybridization with the short axis. Within the few hours preceding the Figures 4D-4F) . In all other n ϭ 6 out of 23). These results indicate that although cases the outgrowth of the epiblast at the site of primithe AP axis tends to be oriented close to the long axis tive streak formation conferred heterogeneous shapes in older prestreak stage embryos, the orientation of the to the early-streak embryos (Figures 4A-4C ). AP axis with respect to the morphology of the embryo These findings indicate that the primitive streak tends is also variable at this stage. These observations raise to form away from the ends of the short axis and are the question whether at the time of gastrulation the site therefore in agreement with the hypothesis that the oriof primitive streak formation can always be predicted entation of the AP axis changes with respect to embryo by the morphology of the prestreak embryo. morphology so that it is shifted away from the short axis It was noticed that some of the prestreak embryos and toward the long axis before the onset of gastrulaanalyzed did not show a characteristic ellipsoidal shape tion. Our results also suggest that the site of primitive in transverse sections (Figures 4A-4C, 4E, and 4F) . streak formation cannot be predicted simply from the symmetry of the embryo. What is the relationship beThese embryos were locally deformed by what appeared 
Determination of the Orientation of the AP
Scale bar in all panels is 50 m. 1] ), it is conceivable markers. We have found that in contrast to what is obthat some embryos reach the time point of initiation of served during gastrulation, the AP axis of the young gastrulation when their AP axis is at a distance from the prestreak embryo is not aligned with its long axis but long axis. Alternatively, the differences in the extent of tends to be oriented close to the short axis ( Figure 6A ). the apparent shift of the AP axis orientation could be In the majority of old prestreak embryos, the AP axis dictated by specific cues present in the uterus or in each is oriented close to the long axis indicating that the individual embryo. Our observations suggest that the orientation of the AP axis is shifted toward the long shift in the orientation of the AP axis can occur during axis during the few hours that precede the onset of in vitro culture independently of uterine signals after the gastrulation. Cell lineage studies indicate that this shift young prestreak stage. One attractive possibility is that does not involve cell movements but could be explained the variability in the position of the AP axis at the onset by a global morphological change so that the orientaof gastrulation is a direct consequence of the different tions of the short and long axes rotate before gastrulacues possibly influencing the spatial patterning of the tion ( Figure 6C ). The extent of the shift appears variable mouse embryo at preimplantation stages. between embryos. Therefore, at the initiation of gastrulation the site of primitive streak formation cannot be simply predicted by the geometrical axes of the embryo Primitive Streak Morphogenesis The primitive streak can form in regions located away but, rather, by the position of the expression domains of posterior epiblast markers. We have characterized a from the ends of the long axis. We have found that in
Axis at the Prestreak Stage
